Background: The sacroiliac joint (SIJ) is a frequently underestimated cause of lower back (LBP). A simple clinical test of sufficient validity would be desirable. The aim of this study was to evaluate the diagnostic value of a new PSIS distraction test for the clinical detection of SIJ arthropathy and to compare it to several commonly used clinical tests. Methods: Consecutive patients, where a SIJ pathology had been confirmed by an SIJ infiltration were enrolled (case group, 61 SIJs in 46 patients). Before infiltration, patients were tested for pain with PSIS distraction by a punctual force on the PSIS in medial-to-lateral direction (PSIS distraction test), pain with pelvic compression, pelvic distraction, Gaenslen test, Thigh Thrust, and Faber (or Patrick's) test. In addition, these clinical tests were applied to both SIJs of a population of individuals without history of LBP (control group, 64 SIJs in 32 patients). Results: Within the investigated cohort, the PSIS distraction test showed a sensitivity of 100% and a specificity of 89% for SIJ pathology. The accuracy of the test was 94%, the positive predictive value (PPV) was 90% and the negative predictive value (NPV) was 100%. Pelvic compression, pelvic distraction, Gaenslen test, Thigh Thrust, and Faber test were associated with a good specificity (> 90%) but a poor sensitivity (< 35%). Conclusions: Within our population of patients with confirmed SIJ arthropathy the PSIS distraction test was found to be of high sensitivity, specificity and accuracy. In contrast, common clinical tests showed a poor sensitivity. The PSIS distraction test seems to be an easy-to-perform and clinically valuable test for SIJ arthropathy.
Background
Low back pain (LBP) is a frequent and economically relevant disease with a cumulative life incidence of 70% [1] . It is one of the main causatives for long-lasting disability [2] and it is the most common cause of invalidity in the population with an age < 45 years [1] . The sacroiliac joint (SIJ) is a frequently underestimated cause of lower back and gluteal pain [3, 4] . Some authors suggest that LBP is associated with or generated by the SIJ in 13% to 30% [3] [4] [5] . SIJ complaints usually occur after trauma, when practising certain types of sport, during pregnancy or after vaginal delivery, and after lumbar fusion surgery.
The complex anatomy of the SIJ as part of the pelvic ring and the variate aetiology of LBP often hinders finding a clinical diagnosis. Numerous clinical provocation tests have been described so far. However, their diagnostic validityeven when used in combination -is poor [5] [6] [7] [8] [9] .
The gold standard for the diagnosis of SIJ-generated pain is the invasive technique of SIJ infiltration with local anaesthetics [5, 6, 8, 10, 11] . A decrease of complaints after infiltration indicates a pathology in the SIJ [12] .
It would be desirable, however, to have a simple clinical test of sufficient validity to minimize the number of invasive diagnostic procedures. Fortin and Falco [13] first described the area around the posterior superior iliac spine (PSIS) to be the region of maximum patient-reported pain in patients with SIJ arthropathy. We developed a new clinical test where this knowledge is combined with provocation of SIJ movement, the PSIS distraction test. In our daily experience, this test was associated with a high rate of agreement with the presence of SIJ pathology.
Thus, it was the aim of this study to evaluate the diagnostic value of the PSIS distraction test for the clinical detection of SIJ arthropathy and to compare it to several commonly used clinical tests.
Methods
We performed a retrospective study in a case-control design at a specialized centre for spine and pelvic surgery in Switzerland. The study was conducted in compliance with the Helsinki Declaration and was approved by the institutional review board (Kantonale Ethik kommission Zürich, Ref.
No. 2011-0390). All patients and volunteers gave informed consent to the infiltration procedure and to participate in this study, respectively.
Patients
Between June 2012 and February 2013 all consecutive patients aged ≥ 18 years with LBP where other sources of LBP (that is spondylarthropathies, radiculopathies, traumata, malignancies, and pathologies of the hip joint) had been excluded and a SIJ pathology had been confirmed by an SIJ infiltration, were enrolled for this study (case group, 61 SIJs in 46 patients, age 60 ± 13 years). If a patient had complaints in both SIJs, each joint was analyzed separately. Patients with pre-existing neurological or rheumatoid diseases, patients allergic to one of the substances used for SIJ-infiltration, those with severe dementia as well as pregnant patients were excluded ( Figure 1 ).
In addition, the clinical tests described below were applied to both SIJs of a population of volunteers without any history of LBP or pelvic pain (control group, 64 SIJs in 32 patients, age 40 ± 15 years).
Sacro-iliac joint infiltration
Within a period of maximum two weeks after the primary examination described below, infiltration of the SIJ was performed in an operation room with the patient in prone position. Under fluoroscopic guidance, a 19.5 Gauge Chiba needle was introduced into the painful SIJ. After the correct needle position was confirmed by the patient's recognition of characteristic pain orin cases of doubt -by instillation of a contrast agent, local anesthetics (5-8 ml Mepivacain 2%) and a steroid (40 mg Kenacort) were injected. All interventions were made by one of four investigators (CW, LG, MK, GO) in a nonblinded manner.
Directly before and after the infiltration, patients were asked to write down the level of pain according to the Visual Analogue Scale (VAS) in a pain log (Additional file 1). A decrease of VAS by ≥ 50% 15 to 30 minutes after infiltration was considered to indicate an intraarticular pathology of the SIJ.
Clinical tests
7During routine examination before infiltration, all patients were tested for pain with PSIS distraction, pain with pelvic compression, pelvic distraction, Gaenslen test, Thigh Thrust, and Faber (or Patrick's) test [5, 6, 8, 10, 11] .
For the new PSIS distraction test, the patients were asked whether they felt production of new or aggravation of pain when a punctual force was applied on the PSIS in medial-to-lateral direction with the patient either standing or lying prone ( Figure 2 ). The test was considered positive if it reproduced the patient's symptoms.
These tests were performed by one of four examiners (CLW, LG, MAK, GO). As this routine examination was performed before infiltration, examiners were blinded for the result of the SIJ infiltration of the patients with SIJ pathology in the case group. The investigator testing the non-symptomatic volunteers in the control group (GO) was not blinded.
Statistical analysis
Age is expressed as mean ± SD. Diagnostic test evaluation was done using SPSS for Windows 21.0 (SPSS, Chicago, Illinois, USA).
Results
A positive PSIS distraction test, defined by production of new or aggravation of pain when a punctual force was applied on the PSIS in medial-to-lateral direction was witnessed in all of the 61 SIJs (100%) where a SIJ pathology had been confirmed by infiltration. In the control group, the PSIS distraction test was positive in only seven of the 64 SIJs (11%) without any history of LBP or previous pelvic pain.
Within the investigated cohort, which did include only patients with confirmed SIJ pathology as the case group, the PSIS distraction test showed a sensitivity of 100% and a specificity of 89% for SIJ pathology. The accuracy of the test was 94%, the positive predictive value (PPV) was 90% and the negative predictive value (NPV) was 100%.
The diagnostic odds ratio of the PSIS distraction test was infinite.
Pain with pelvic compression was observed in 16 of the 61 SIJs (26%) with a SIJ pathology and in none of the 64 SIJs (0%) in the healthy control group (sensitivity 26%, specificity 100%, PPV 100%, NPV 59%).
Pain with pelvic distraction was observed in 14 of the 61 SIJs (23%) with a SIJ pathology and in one of the 64 SIJs (2%) in the control group (sensitivity 23%, specificity 98%, PPV 93%, NPV 57%).
A positive Gaenslen test and a positive Thigh Thrust were each found in 19 of the 61 SIJs (31%) with a SIJ pathology and in four of the 64 SIJs (6%) in the control group (each with a sensitivity of 31%, a specificity of 94%, a PPV of 83%, and a NPV of 59%).
A positive Faber test was witnessed in 21 of the 61 SIJs (34%) with a SIJ pathology and in five of the 64 SIJs (8%) in the control group (sensitivity 34%, specificity 92%, PPV 81%, NPV 60%).
Discussion
The aim of this study was to evaluate the diagnostic value of a new clinical test for SIJ arthropathy, the PSIS distraction test, and to compare it to commonly used clinical tests.
Within our population of patients with confirmed SIJ arthropathy, the PSIS distraction test was found to be of high sensitivity, specificity and therefore a very good accuracy.
While other common clinical tests as pelvic compression, pelvic distraction, Gaenslen test, Thigh Thrust, and Faber test also showed a good specificity, their sensitivity was poor (< 35%). This is in accordance with previously published data, even though the range of reported values for sensitivity and specificity is broad [6] [7] [8] [9] and some of these studies lack control groups [8] . In a large systematic review, Szadek et al. analysed SIJ provocation tests (compression, distraction, thigh thrust, Gaenslen's test, and Patrick's sign/Faber test) and observed significant heterogeneity and inconsistency. They assumed the use of different thresholds for a positive reference standard of sufficient pain relief to be partly responsible for this [7] . Some authors reported an association [9, 13, 14] between patient-reported pain in the area of the posterior superior iliac spine (PSIS) and SIJ-generated pain. Still, a clinical test applying a force on the PSIS combining the knowledge of patient-reported pain with movement of exclusively the SIJ has not been described, so far.
The presence of pain-transducing nerve fibers in the SIJ and its adjacent ligaments is known [12, 15] . In this context is important to know that the innervation of the sacroiliac joint is almost exclusively derived from the sacral dorsal rami [16, 17] . The immediate anatomical vicinity of these neural structures and the PSIS could be an explanation for the good diagnostic value of the PSIS distraction test we observed. Similar to the supra-and infraorbital exits of the trigeminal nerve, the PSIS might serve as a pressure point to test the sensitivity of the sacral dorsal rami innervating the SIJ. However, a distinctive mapping of the nociceptive areas in the SIJ to strengthen this hypothesis has not been described in the literature.
Even though our study design was useful to differentiate between cases and the controls, the results need caution to some limitations. The clinical value of the PSIS distraction test was investigated on base of a case-control design. Since the case group consisted of patients with a SIJ arthropathy confirmed by an infiltration, this might especially influence the sensitivity values.
The commonly used SIJ provocative test are known to be subject to considerable inter-and intraobserver variabilities [7] . Information on this issue for the PSIS distraction test is not given by our study. We are convinced, however, that the simplicity of the PSIS distraction test procedure makes a high inter-and intraobserver variability unlikely.
The examiners were not blinded for the non-symptomatic volunteers in the control group. This might be a potential source of bias and in this case partially explain the good specificity. In contrast, examiners were not able to predict the results of the SIJ infiltration in the group of patients with SIJ pathology.
Further validation by prospective, blinded multi-investigator trials with a larger cohort is needed to confirm this assumption.
We did not differentiate on symptom duration before treatment. Pain mechanisms are different in acute, subacute or chronic pain and hyperalgesia in patients with a chronic pain syndrome is a possible confounding factor. As many others [5, 8, 13, 14] , our study used SIJ infiltration under fluoroscopic monitoring as reference test. The topography of the sacroiliac joint space is variable as well as irregular and even with the use of radiopaque agent to prove the intraarticular position of the needle, there is a notable probability of an extraarticular infiltration leading to a false-negative test result. Thus, it has been not definitely proven if the tenderness of the PSIS is really caused by an intraarticular pathology or rather a periarticular (i.e. ligamenteous) problem. CT-guided infiltration may be used in future studies to avoid this vagueness.
Therefore, while the PSIS distraction test is not entirely validated trough this study, strong evidence on its clinical value is given. In contrast to the commonly described provocative tests, it can be performed with the patient standing and is easy to perform during clinical routine. Thereby, it provides a quick and robust decision guidance towards the need for more invasive diagnostics as SIJ infiltration.
Conclusion
In conclusion, the PSIS distraction test was found to be of high sensitivity, specificity and accuracy within our population of patients with confirmed SIJ arthropathy. In contrast, common clinical tests as pelvic compression, pelvic distraction, Gaenslen test, Thigh Thrust, and Faber test showed a good specificity but their sensitivity was poor.
Therefore, the PSIS distraction test seems to be an easyto-perform and clinically valuable test for SIJ arthropathy.
